Peptide bond formation by in vitro selected ribozymes.
An attractive solution to the problem of the origin of protein synthesis in an evolving 'RNA world' involves catalysis by nucleic acid without assistance from proteins. Indeed, even the modern ribosome has been considered to be fundamentally an RNA machine, and the large ribosomal subunit can carry out peptidyl transfer in the absence of most of its protein subunits. Successive cycles of in vitro selection and amplification have been used to find RNAs that perform many biochemical reactions, including transfer of an RNA-linked amino acid to their own 5'-amino-modified terminus. Here we demonstrate the in vitro selection of ribozymes (196 nucleotides) that perform the same peptidyl transferase reaction as the ribosome: that is, they can join amino acids by a peptide bond. Like ribosome substrates, one amino acid (N-blocked methionine) is esterified to the 3'(2')-O of adenosine, whereas the acceptor amino acid (phenylalanine) has a free amino group. Our best characterized ribozyme recognizes the amino-acid ester substrate by binding its adenosine moiety, and is therefore capable of utilizing Leu- and Phe- as well as Met-derived substrates. Such lack of specificity with respect to the amino acid is a feature necessary for a generalized protein-synthesizing enzyme.